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ACCELEMTION SIMULATION IN TNE LAHPF II B! MSTSR

Eugene P. Col ton
Los Namoe thttional Laboratory, ~s A2amos, NH 87545

We study the evolut ion of the longitudinal phase
apace during acceleration from 0.797-7.3 GeV in the
LAMPF II booster. Ibis machine ie planned to ac-
celerate 150 UA of protons using a 60 Hz repetition
rate. A multiparticle .Imulation program was used to
model the acceleration . f th a ace charge included. llre
bunch population of 2.5 x 10 ?1 protone wea represented
by 1000 macroparticlen. Ouring acceleration the rna
longitudinal emittance grows by 3% and two particlea
are lost out of the separatrix.

I. Introduction

‘Itie current rsference design for the ‘LAMPF II
project includes a 60 Hz booster

1?
nd 3 HZ main ring.

me booster accelerate 1.5 x 10 protona from 0.797
to 7.3 GeV kinetic energy in each pulse. In this work
we rfeacribe a numerical simulation of the longitudinal
motion which inclutfea apace charge and inductive wall
sffects. The study ws urrdertake~ in order to verify
that the acceleration proceeds as expected with little
emittance growth and minor lotra,?a. In Sec. IT we
diacuse the booster. In Sec. 111 we describe the
simulation prngram, and then present the reaulta in
Sec. IV.

II. Booster

The booster has eight superperiodn and a cir-
cumference of 350.87 m. H- injection is used in the
hoooter over a period of 1 ma, corresponding to 719
turns. I%e rf capture voltage it! maintained at
0.7 MV/turn o\?r this period. The protonti are then
accelerated to 7.3 C*V in 11.75 ms using a s{nusofdnl
m4~net waveform with 42.55 Hz rise frequency. The
magnete are then reset for 3.92 mu. I%e rf program for
the acceleration is described elsewhere in this con-
ference. 1 In Fig. 1 we show the time dependence of the
rf vol tag.. V. and nynchronoue phase flnRle +8. Brietlv,
the rf voltage rises from 0.7-1.59 MV/turn durt; ,g the
firnt ‘1 mg in order to maintain n constant bucket nree;
the voltage is then held cnnstant fnr the m?xt 3 ms,
and reduced Ijnenrly to I MV/turn over the rt=mtij ni ng
5.75 lnt?. The mnxlmum value of the flynchronouti phnse
angle + - /,2.5<’. The transition Momma of the hocnter

!isI imn R nary yt - 171.

111. Simlllat ion Program—---—

The program RFSIM7 wnr uqed to perfnrm t I)(, nc -
crlrrat ion. Thtn program trtirkn particle tr#Jrctnrlen
in lrrngttufilnnl phnse nptice. The spnce-chnr~o term 1n
calrulnted from the part lclr rl~nntty grndlent in n
tulnch tnr Vflcll mncrnpnrticle ( tndvx j) nt Cncll
inteuratlon ntep. TIIc irrte~rnt inn tn porf{lrmo,l IWICI
per turn untng recur retlce

—..
relntionn nhtn(ned fr~~m the

following equnt Ionfl

rlw, e v,,

“ai- - ~;. (nfnl$ , - ain$~) + K!!!:!!:. :; (1)

fin{ ,,y~no 1

(?)

and the quantity

g - 1 + 2 ln[~] + zn[~] (4)

The quantity bla ia the initial ratio of Vacu- Pipe
size to beam alze, pa ia the momentum of the

aynchrono!ls particle ●nd pi ia the ●tartin8 ~ntum.
In Sqa. (1) and (2) V. ia the rf voltaBe Per tun~ $Q
is the synchronous phaae angle, N ia the numbar ot
particlen in a bunch, co ia the Parmittivity of free
apace, W la the variable canonically conjugate to $,
W = AE/n where E la the prtlcle enargy, h ia the
harmonic number h - f f/f la the numbar of

It ‘cl; ;i?e mecroparticla linemacroparticles per bunt , A
density, n = lly2 - I/y;, n 10 the angular rotation
frequency n = tlc/R,and R ia the effective machine
radius (circumference/2n ). In Eq. (3) 20 ia tha

impedance cf free fipace Z. = 377 O~a and lZL/nl

repreaente any contribution due to inductive wall
effects. For calculating the ~ace-charge contri-

butions the hunch la split into /n. a~perparticleo.

Iv. Results of Simulatio~

Fo] the integration we chose hfs - 2.0, p, =

1.463 CeV/C (Ti - 797 C-eV) ; the inductive wall ~m-
pedance [ ZL/n I was arbitrarily aet to 11 ohms and the
harmonic number h - 70, corresponding to a starting rf
frequency

‘rf -50”3125 ‘l’Y”
We asaume 60 buciceta

occupied EIs N-2. 5x1O protons per bunch; thebe
were represented by no - 1000 mncropartfclea. These

macroparticleri were generated uniformly within ●n
upright ellipse in $-d P/P phaae apace The starti g
limits were 1$1 < 0.583w and ldp/pl < 0.32 x lo-q.

‘fhit! selection puts pnrticlea into half the uvailable
bucket area of - 0.13 eVa. Th@ rma longitudinal
phaae-apace area AmB waa 0.0185 eVa for a single
hunch. OUring the almulnted nccelerntion the beam
condittonn were monitored. Table 1 lists ttme, mo-
mentum, rma bunch length $mu and Ar a during the
cycle. We observe that ro”.,a by a ‘?ar-tor of 1.03
durtng the acceleration. %e !urther ahnw in FigII. (1)

and (2) the dlatrihutionn of the phase apace at eiRht
di fferent time~ thruugh the cycle ; thi, limttn of atahle
motion are demarcated by tile confining neparatrlcea.
TVO macro particles nre lrrnt d!lring the prucenn.

TABI,E T. Arcelerntlrm I’nrameteru

Timp p @ mu A rm R

(mu) ((*v/c) (I-le g.) (eVn)

n, r)

0.5
1.()

l.’)
2.11
1,()

/4. ‘)
6,11
9.()

11. /

51. fl
4/.4
4?,9
“IH.~
‘17*H
?3. ?
?5.7
;’. ?
1$*R
1/,,1)

(Ionifl’)
(1.oil!?
n,nl R7
n.rllq(l
(1. (}190
(), (}19(1
().()19:1
n.(ll Ql
n.nl~l
(). {)10()

(7)
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Fig.1. RF progrnm for 1.AMI’FII booster.
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Fig, 3, Conditions 2! t - 0.5 ros into acceleration.
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Fig. 6. Conditions at t r .0 us.
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Fqg. 9. Conditions at t P 6.o ms.

Fig, 10. (;ondit lolls JIL t - g.~ ms,
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